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Investigations indicaied that the distances measured by mecans of the Shoran navigation system

. were short by about 1 partin 20,000, A study was made to discover what portion of this error
could be attributed to the method of computation used by the Air Force to obtain geodetic distance
from Shoran dial readings and weather observations. The basic theory and assumptions used in
compeiing geodetic distance ivom Shoran dial readings are outlined, and a hypothetical problem
is solved by two methods. Proof is established that mathematical errors due to the use of the
Air Foree veduction methods are negligible,
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A RIGOROUS METHOD FCR COMPUTING
GEODETIC DISTANCE FROM SHORAN OBSERVATIONS

Report as of 20 January 1950
1. SUMMARY

With respect to the Caribbean Area Shoran Project carried out by the
Tth Geodetic Control Squadron, investigations indicate that the measured
Shoran distances are, on the whole, short by about 1 part in 20,000. It
was one of the primary purposes of this study to discover what portion, if
any, of this error could be attributed to the method of computation used
by the Air Force to obtain gsodetic distance from Shorazn dizl readings and
weather observations. The results of this study indicate that the error
arising from this source could be in the neighborhood of 1 part in 150,000
for a half-line distance of 250 milzs. On the basis of this result other
sources of error must be sought, the most probable of which appears to be
the value for th: ve2locity of light. This matter is discussed gquite thor-
oughly by Mr. Aslakson of thz U, S. Cozst and Goodetic Survey (Transactions
American Geophysiczl Union, August, 1949).

Whether or not this report can be of practical uyse in future Shoran
work it is believed that through it two things of importance have bezn ac-
complished:

{1) A rigorous method of unlimitad applicability has been de-
veloped.

{2) Proof has bean establishad that msthamatical 2rrors due to
the use of the Air Force reduction method are n2gligible.

BASIC PROBLEM AND UNDERLYING ASSUMPTIONS

171
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The simplicity with
from Shorzn observations
sentizlly, four con/ions

which the problam of obtaining geodetic distance
can be stated is deceiving. There are given, es-
with which to work,

)
5

dit

Earth

T

e

There are known, first, the z2ltitude, H, of the esirplane, second, the
altituds, K, of a ground station, third, the time, t, required for the
Shoran ray to travzl from the zirplane to the ground station, and fourth,
the meteorologiczal conditions existing along the path of the Shoran ray.
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The underlying assumptions are as follows:

First, the fl”ure of the earth is represented for the time being by

the Internatlonal Sphere, whose radius, R, is set at 6,371,227 meters or
20,902,933.92 feet.

Second, the Shoran ray is represented by a line which lies in 2 plane
passing through the center of the earth. The geodetic distance is taken
as the intersection of this plane with the surface of the earth.

Third, the assumption is made that the, Shoran ray is governed by the
laws of geometric optics. In justification of this assumption; reference
is made to Report Nos 447, Radiation Laboratory, Massachusetts Institute

of Technology, November; 1943, entitled "The Effect of Atmospheric Refrac-
tion on Short Radio Waves:."

Fourth, Anderson's 1941 value of 299,776,000 meters per second is
uvsad for the velccity of light, V.

Fifth, it is assumed that the velocity of the Shoran ray variss in-
versely as u, the index of refrdction; which is numerically equal to the
square root of the dizlectric constant This point is discussed briefly
in an unpublished paper entitled; ‘Veloc1ty Correction to Shoran Measurs-
ments," by Dorald A: Rice of the U. S, Coast and Geodetic Survey.

111. THEORY OF SOLUTION

The solution presented hers depends on the relation rp cos o = k, the
proof of which is given below.

The figurs represents a spherical earth surrounded by infinitesimally thin
spherical layers of atmosphere having different values of p. A ray, lving

in a plane which contains the earth's center, passes through thz=se layers.
By the law of sines,

r' r
sin (1809 - 1) sin e
But, by Snell’'s law, u' sin i' = p sin e, so that

r' _ r

sin (1800 - i} g

or rg sini = r'y' sin 1i°'.
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¥ Since this relation holds between adjacent layers of atmosphere, rp sin i
: can be represented by a constant for a particular path. In the relation,
i rp cos a = k, @& represents the complement of i, and k, a constant value
' depending on the ray.
! The method of solution can be illustrated by means of the figure
i below.
it .
" v
£ -dt :?;y path
< Ground Lt
L'} g < Eo
. s Station Airplane
&
54
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f from the differential triangle constructed on the ray path, the following
? relations are apparent:
» dr Vsina
, dt v
a8 _V cos «
,f dt ryg
‘e By Maclaurin's series,
H 2 4
- +t(dr) +t<d r) .
. rm = I i -3
n : at 1 2 dt;z 1
= 2 and 2 2 a
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i Wl if ¢ is considersd to be zero at the ground station. 2 K2
ol . . . . .
fatex ;; Since u is a function of r, and since cos o =-— and sin a =J€~;§E§,
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e dr ds ) ) _
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Expressions for the derivatives of r and © can be found in Appendix A. An
examination of these derivatives indicates that their evaluation at the
ground station requires only the wvalues of ry, i; and its derivatives, and
a, (the assumption of a value for @, is, of course, equivalent to the as-
sumption of a value for k). In practice ¢, can be approximated from the !
triangle whose sides are (ry + 1/3 R), (rp*+ 1/3 R}, and (Vt}. (When r,
and r, are increased by 1/3 R, the ray path, Vi, can, for approximation |
purposes, be considered as a straight line.,) This value for o; is then
tested in the “r" series to see if it preduces r,. If it produces a value
which 4iffers from the given r,, this errconszous valus of r, can be used to
compute 2 new value for 4, in the same manner as before and the first '
value for o, can be adjusted by proportion. Usually this adjusted value of

oy will, when substituted in the "r" series, produc= r, with sufficient

accuracy. When, by m2ans of the "r" series, it is shown that the correct

value of ¢; has been Tound, direct substitution in the "6" seriss producss

the geodetic arc, 0, - 61, (It is pointed out that in this discussion 04

is always equal to zero )

S T ——

IV. SOLUTION OF HYPOTHETICAL PROBLEM BY SERIES

The hypothetical problam to be solved has the following conditions.
The valus of r, is 20,903,000.00 feet, the valus of T is 20,950,702.76
fezt, and t = .0016 seconds. The atmogphﬁre assumed 1s known as the NACA .
"moist" atmospher=. In it, (p - 1) 10" = 327.54-11.134 46970 h + .12052,34160h.,
where h = altitude in thousands of fest. It is pointed out that r, is
spacially chosen becausz it is the value produced by the Wr% serias whan
¢, = 0. The choice of this value for ¢, is almost essential in order to
evaluate the derivatives of r and © with reasonable easz, and since the
purposz of a solution by series is only to verify the accuracy of the more
practical numerical integration method, it is felt that thz choice of con-
ditions is justified. When ¢, = O is used in the derivatives of r and 0, all
terms vanish except the first of gvery other derivative.
With the aild of Appenlix A, the following solution can be set down.
ry = 2.0903 00000 x 10* (in thousands of fa=t)
gy = 1.0003 26805
pl =-1.1118 54133 x 10°°
ull = 2.4104 68320 x 107

{Note: In the fellowing 2xpressions the subscript "1" is omitted.)

r‘uI = —1
a = “;f =-2,3233 49412 x 10
I“QLJ.II 2
b = - = 1.,0528 74877 x 10
c ete. = 0.0

m=a+ 1= 7.6766 50588 x 10"
= 5.8930 96425 x 107}
Mo = 4.5239 24214 x 10

m* = 3.4728 58548 x 107*
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m° = 2.6659 92161 x 10
m°® = 2.0465 89029 x 107
m’ = 1.5710 94837 x 167
m® = 1,2060 74649 x 107~
, a® = 5,3979 52490 x 107"
a® =-1.2541 32974 x 10"
a* = 2.,9137 80108 x 10 °
2 b* = 1.1085 45507 x 107
o« ab =-2.4461 96226 x 10°
a’b = 5.68233 68563
" ml = 1.0500 11733 x 10°
" mil = 3.8382 89940 x 10°
ml1l =z 2011 61522 x 10°
(ml)? = 1.1025 2463¢ x 10°
m!)® = 1.1576 63807 x 10°
(mimlly = 4,0827 50058 x 10*
m(ml) = 8.0605 73188 x 10*
m(ml)? = 8.4636 96418 x 10°
mm)® = g.8869 80545 x 10°
m?(ml) = 6,1878 20290 x 10
m2(mi)? = 6.4972 84009 x 10°
m*(ml)® = 6.8222 24442 x 10°
m® (mIm!1) = 2.4060 03977 x 10*
m>(mll) = 2.2014 06754 x 10°
m (ml) = 4.7501 73504 x 10"
’ m’(ml)? = 4.9877 37911 ¥ 10°
m>(mll) = 1.7590 22001 x 10°
. m* (mill) =-1,4481 81212 x 10°
& m® (mIn!l) = 1.8470 05185 x 10*
m*(eh) = 3.6465 42222 x 10
" m*(ml)® = 3.8289 12117 x 10°
m*(mll) = 1.3503 28098 x 10° )
m*(mIll) =-1,1117 18116 x 10*
m®(ml) = 2.7992 23049 x 10"
m°(mll) = 1.0366 15050 x 10°
m(ml) = 2.1489 42493 x 10°
A =—- - 4.7036 01306 x 10
ry
A® = 2.2123 86525 x 10°
A® = 1.0406 18415 x 10°
5
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n

4.8946
2.3022
1.0828

54136 x 10°
50159 x 10°
86685 x 10™°

T

: A7 = 5.0034 67226 x 10**
i¥ ) A® = 2.3957 63910 x 10°
i A® = 1.1268 71826 x 10 °
A '
)} ' - 1d°r .
1 5 ° 1.7750 53320 x 10 ;
K 1 a*r - i
§ 53 IoF © 3-3959 07938 x 10
g 1 a°r
%[ To To° © 21854 96426 x 10" °
a°r 19
56*356 L =-1.8851 72971 x 10
do 1
~= = 4.7036 01306 x 10
1 4% , 4
< 57 ©-2.0441 54887 x 10
1 d% 6
-IQSZE?.=~9.3373 65867 x 10
1 d’6 19
Toro g7 ST1-9632 49131 x 10
1 a’e 17
265600 ai° =-1.8383 04680 x 10
. t = 1.6 x10°
N t? = 2.56 x 107°
2 t* = 4.096 x 10°°
. t* = 6.5536 x 107 *°
L t® = 1.0485 76 x 107**
I t® = 1.6777 216 x 107’
e 3 t7 = 2.6843 5456 x 107 °°
N S % = 4.2049 67296 x 10 °°
el S t° = 6.8719 47674 x 107°°
e, | T
g 1.8
w.,,,}'.‘:.. ~t ,‘v
el
L oo ‘.:..,-.1
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rnp = 20 903.00000

45.44136
2.22554
+ .03687
- .00081

20950.79298 (in thousands of feet)
-~ 20902.93392

47,768.84 feet = altitude of airplane

6, = .075257 62090
~.000083 72858
-.000009 79094
~.000000 52701
~.000000 01263

.075163 56174 radians x

20,902, 933.92
5280

= 297.5642C miles

V. SOLUTION OF HYPOTHETICAL PROBLEM BY NUMERICAL INTEGRATION

Tn the search for a practical, yet rigorous, method for computing geo-
detic distance from Shoran observations the method of numerical integration,
demonstrated in the computation form below, szems to offer tne best possi-
bility,

Here again an approximation to o, must be made and then tested to see
if it will produce rp,. In the demonstration below, howevyer, the purpose is
to produce by numerical integration the same value of R (6, - 0,) as was
obtained by the "series" method. Therefore the computatlon was begun with

ag = 0 as before. In actual use, the trial computation of r, using an ap-

proximated value of o, would utilize every column on the form sxcept that

1 . .
for —, which is used only in the computation of 8, - 9.
ru

An examination of the first two lines of the form reveals that the
"series" method of Ssetion IV has been used to produce r, and rs. Since the
interval, At, is small only two derivatives are required on =ach line. By
reference 1o the values of the derivatives in the solution of Section IV it
is easy to determine the limiting value of At that can be used in the first
two lines of the computation. Te limit the error to .01 fzet At can be found
from the relation

av)* g’ 1
( T dti .00001 (in thousands of feet)=(At)* 3.3559x10"=.00001

From this =quation At = about .00007. Of course, this is the limiting value
under a particular set of conditions. In the numerical integration below,
the interval At = .00002 was used to produce r,, rs, r.;, and rs.
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Thereafter the interval was doubled to reduce the labor of computation. In
the examples of Appendix B and Appendix C, the interval At = .00002 was used
throughout. It is obvious that in an erratic atmosphere the intervals must
necessarily be small, while in a smoothly changing atmosphere the intervals
can be quite large. .,

On the form below, the first value of r is the starting value ry. As
explained above, the values r, and r, are found by the "series™ method. The
value of r, is found by integrating the second degree function determined by

dr .
< > ( > and <5€ . The values of rg, re, etc., are found in a similar
'/ 8

e e ey

dr . . - . .
manner from the-az's from the three precaeding lines. A Giscussion of this

techniqus can be found in Whittaker and Robinson's "Calculus of Observations.®

Briefly, howevar, the step by step relationship can be explainsd as
follows.

The increase in r during any fraction, €, of the nth time interval, 4t,
can be exprassed as

\dt

7/
Bu‘tl (_.r> = Ee 9:..1: = <l_ ____> S—
n+e dt n
1
1+ e() 8(€+1) A A to second :
df dt n 4ifferences,

where the operator E can be defined by the following,
En flx)gy = (1 + AT fx)y = £(x),.

rpte-ry= (sfaf>n+e de

Whan e = 1

ot (1f1 ; JA\ e‘e““(ﬂ\}

"¢l = n 2 \E/ (ii)n
RN e IR
A&, 262 @),. 9

dr
Representing At <E€) by q,, we have,
n

Fpsl = Tp = Qp * .50ap_3 + .417 A%q, o

un

Py a2 . a - s A e . * - f 1 LY 4 Vo
Because A"q,_ o is small in value, its coefficient is eXpressad L0 only three
decimals. When the A's in this expression are replaced by their equivalents,

rpel = p = 1.917q, - 1.334q,.1 + .4179,.0 i

When t does not contein exactly an integral number of At's, the change in r
during the fractional portion of the last At can be found by using the
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general form of the above and integrating between O and e instead of between
0 and 1. However, this resort is seldom required since t can always be di-
vided into an integral number of equal intervals.

A few remarks concerning the actual computation of the attached example
may be of help. Except for the last column the computation proceeds from
line to line. The "h" on each line is equal tor - R and is cbtained merely
for use with & graph of u's against h. The "u" on each line is obtained from
such a graph. The computation of "g" can be accompl%shed without writing

B e e L L

down any intermediate answers. The complement of 2z 1s gotten first in the

2
top dial. The square root of this result is multiplied by VAt (constant
throughout the calcul%tion, except when the interval is changed) and divided
by . The values of u? required in the first two lines can be found by fit- |
ting a polynomial to a faw points of the "u" curve. A number of technigues, I
any of which will produce good results, can be used to obtain these values.

The first few values of r are produced numerically below to indicate more

clearly the steps to bes taken.

20903.00000 = given starting value of r

20903.00710 = 20%03.000C0 + .00000 + .00710

20903.02781 = 20903.00710 + .01361 + .00710

20903.06381L = 20903.02781 + 1.917{.02825) - 1.334(.01361) + .417(.00000)
20903.11358 = 20903.06381 + 1.917(,04266) - 1.334(.02825) + ,417(.01361) ,
etc, .

Attention is directed to the value of k shown at the top of the computation
form. Since cos ¢, = 1 in this particular computation, k = ryp,. In most
cases, however, cos a, will have a value different from 1 in the expression,
kK =r,u, cos a;.

38 V cos a

The procedure for obtaining 8 is relatively simple. Since-az =

Vk 1 .
= ——%, it is only necessary to tabulate NER for each step. The relation
rp v

ru

between 8,1 and 6, isalike in form to that between rpsjy and rp, i.e.,

5] 0,.=0b(1.917 vk 1.334 vk + ,417 VE-—
ntl T ¥n ( T ey : OQ(ru);_l ° (ru);_z

N |
If —— is replaced by pp,, then
(ruld,

On+1 — O = OLVK(1.917p, - 1.334ppy + 417D, 0)

It is seen that 6, - 95, 65 - 684, 85 - O5, etc., can be obtained immediately
from p:, P2, Pa, etc. To get values for 8; - 6,, O, - 6; however, the rela-
tionship above can be applied in reverse. That is,

[V

B, - 6; = ALVK(1.917p, - 1.334ps *+ .417p.)
and eS = 62 = Ath(leg].'?ps o 1.334[:)4 + 0417p5)

By means of the following arrangement, the form of 6, - 8, (the total angle
producad by t) can be shown.

e s o N P st gt R X




4 B, - 04 = AVk(+ 1.917p, ~ 1.334ps; + .417p,;)
; 65 — 02 = BtVk(+ 1.917p; - 1.334ps + .417ps) !
P B4 ~ 65 = ALVK(+ .417py - 1.334p, + 1.917p,) !
| 0s - 6, = ALVK(+ ,417p, - 1.334p, *+ 1.917p,)

: g - B85 = ALVk(+ .417pgs - 1.334p, + 1.917ps)
i 6; — 6g = AMVk(+ .417p, - 1.334pg + 1.917pg)
! ete.
! From this arrangement
' - Oh - €1 = OLVKk(.417py + p, + 1.583ps + .082p. *+ 1.417ps * Pg * D7 * Pe t ...

. + pn_3 + .583pn_2 + l.91'7pn,_1)

@

This expression is applicable to the computations in Appendix B and C.
In the form immediately below, however, a slightly different procedure was
followed. In each of the first four intervals At was taken as .00002 and in
each interval thereafter it was taken as .00004.

The value of q, was found by multiplying <§£>1 by .00002. The values of
. Qs, Qg, and Qs were found in the same manner. The value of qg was found by
multiplying (%E)s by 00004. The remaining q's were also found by multiplying
by .00004. The following relationships were then used:

re = rg = 1.917q5 -~ 1.334q, + .417q4

rs = r, = 1.917q, - 1.334q, + .417Q,

re —rs = 1.917g9s ~ 2(1.334)9, + 2(.417)q,
'y = Tg = 1.917QQ - 1.334qg + 2(.417)QQ
' — 'y = 1.917Q7 - 1.334QG + =417Q5

For the remaining lines the relationship is similar to that between re and r,.

The computation of 8, - 6, in this particular problem is based on the
b following arrangement:

! ) 62 - 61 = .OOOOZ ‘]k("" ls917p2 - 1.334})3 + .417134)
| e Bs - 6, = .00002 Vk{(+ 1.917p, - 1.33dp, + .417ps)
B, - 85 = .00002 Vk{+ .417p, - 1.334p, + 1.917ps)
. Bs - 8, = .00002 Vk{+ .417p, - 1.334ps *+ 1.917p,)
- B — 05 = .00004 Vk(+ .417p; - 1.334ps + 1.917ps)
6, - Bg = .00004 Vk(+ .417ps - 1.334ps + 1.917pg)
' Bg - 6, = .00004 Vk{+ .417ps - 1.334pe + 1.917p;)
Yoo By ~ 85 = .00004 Vk(+ .417pe ~ 1.334p; + 1.917ps!
; . ete.,
. Therefore
Oh - &1 = .00004 Vk{.6255p; + .5ps — .334ps; + .Ops + 1.208%ps + Ps t Dy t ...,

* ppoz *t .983ppo 1.917pn1)
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VI. SOLUTION OF HYPOTHETICAL PROBLEM BY AIR FCRCE METHCD

Since the Air Force tables are not constructed to harndle a ray which
attains the height and length of the one treated in Sections 1V and V, that
problem has been modified by reducing t from .0016 to .00l4 seconds. In the
Iseries" of Section IV it is a simple watter to substitute this new value of
t and praduce r, = 20,9329,111.80 feet and R(6,. - 0, } = 280,45172 miles. Since
the velocity of propagation is assumed to be T86,219 mps in the Sherar in-
strument, the diel reading would be 260.70660 miles. Thus the basic values in
the Air Force notation are as follows:

K=656
H = 386, feet
{H - K) = 36,111.€0 feet
S = 260.70660 miles

Of course, the NACA starderd "moist" atmosphere is used as before. Since i

is a3 smoothly changing value, it would seem to conform with Air Force pro-

cedure to usz intervals of about 13C0O feet when computing the velocity cor-
rection. .

The results of the entire computation appear below:

Dial reading 260.70660
Velocity correction + 01641
Reduction to sea lavel ~ .22502
Slope correction - .038971
Curvature correction + .C4403
Steep slope correction - .000C2
Assumption I + .00010
i Vii® - .00015
4 VIII + .C02C0
i IX + .00019
B X - .Q0010
Geodetic distance by Air Force method = 260.45333

This result is 8.50 feet in excess of the result-obtained by means of
series.

VIii. DISCUSSION

A compzarison of the distance produced by the series solution of Section
IV with the distance found through the numerical integration solution of
Section V is belisved to establish the validity of the latter method. Of
cours=, it is realized that the "u" curwve used in the solution of this par-
ticular problem was extramely smooth. It is believed, however, that the
methed is valid in any cass where a rzascnable amount of smoothing has been
carri=d out before the "u" valuss are used in the integration. In consider-
ing the possible roughness that can occur in the "p" curve, it was thought
safer to projsct on the basis of a second degrez curve formsd by three values

dr dr
of-az, than to projsct on the basis of a’ﬁ? curve of higher degres. If small

intervals of At are used, it is difficuli to se2 how any serious arror can
ocecur.

The application of the numerical integration method and the Air Forcs
method to three different problems produced the following distances in miles:

11
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Air force Numerical Air PForce minus
Problem Formula, { Integration | Mumerical Integratiocn
Section VI | 260.45333 | 260.45172 +.00161
Appendix B 152.52686 | 152.52683 +,00003
Appendix C| 100.49874 | 100.49872 +.,00002

In an attempt to analyze the cause for the difference in the results,

a study was made of the height of the ray path used in the problem of Section
VI. Below is given a table comparing heights obteined from the numerical in-
v

o -4 4 PRToR 'EE B 2EE R YN 1 3 3
gration curve with those obtained from the Air Force formula,

h=K*+ -I\:l}iﬂ-‘\_/[—ﬁ - o4g6M1 (M ~ Ml)
M, Height of ray path in feet
{distance | Air Force Numerical Air Forc¢e minus
in miles)| Formula | Integration| Numerical Integration
0.0000 656,08 65:08 0.00
48 1663.26 1254.12 409.14
70 3159.14 2588.34 270.80
87 4643.90 3963.74 680.16
101 6081 .90 5326.01 755,89
113 7469.23 6655.05 8l4.18
124 8866.44 8014.04 852.40
134 10240.78 9353.70 887.08
144 11714.33 10815.53 898.80
152 12964.59 12059.32 905.27
161 14447.02 13542.46 904.56
169 15832.19 14936.26 895.93
176 17096.30 16216.,14 880.16
183 18409.01 17551.54 857.47
190 19770.34 18912.89 827.45
197 21180.27 20390,60 769.67
204 22638,81 21895.16 743,65
210 23927.67 23228.37 699.30
216 25252125 24601 .78 650.47
222 26612.53 25027.31 585.22
228 28008.53 | 27495.01 513.52
234 29440.24 29003 .96 436,28
239 306560.62 30289.71 370.91
244 31905.79 31613.67 292.12
250 33432 .73 33243.19 189.54
255 34732 .47 34631 .98 100.49
260 386057.00 36049,13 7.87
2€0.4517 | 38177.88 36177.17 0.71

The velocity vorrection given
Force values in this teble.
the numerical integration ray path

in Section VI was obtained from the Air
If the velocity correction is recomputed using
heights it is found to be .01516 miles

instead of .01641, which aprears to account for .00125 miles of the .0016l
rmile difference occurring on the 260 mile line. The remaining .00036 miles
by which the Air Force result exceeds the numerical integration result is
probably caused by the difference in radius of curvature of the Sheoran beam

12
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between the two methods. Simple calculations indicate that variation in the
radius of the Shoran beam has relatively little effect on the computed dis-
tance. The difference in distance produced by a 260 mile arc of radius 4R
as against SR is only about 40010 miles. The difference in distance producsd
by the same arc having a radius of 5R as against 6R is about .0006 miles.

It 1s believed that greater harm is caused by using erronsous values for
the height of the ray path when computing the velocity correction, than is

caused by thz use of the wrong radius in the geometrical solution. However,
in actual practice, tne effect of both these errors appears to be negligible.

Although numerical integration cannot be considerad as a substitute for
the Air Force method, at least not until the availability of the electronic
comput2r, it does maks possible the construction of ray path curves for vary-
ing conditions. It is hop2d that through its use, the technique of computing
geodet ic distances from Shoran observations will be improvead.
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APPENDIX A

Derivatives of r and 6 with respect to t A (1)

in the derivatives given bslow, the following substitutions have been used:

\Y

A = ——
ru

uI, ull, uIII, ete., represent the derivatives of p with respect tor
rul rZHII e AN r4uIV
i a = , D = CE= , d =—-—, stc.

o U U 4]

m=a+1l

mil =5 + 3b + ¢ - 3a° + 23° - 33

mill = a4 + 7+ 6c +4d - 72% + 122° - 62* - 3b? - leab -dac + 122%b

st sty K- oot It i SO RSP AN | O I S O PR A D P

+ 15b + 25¢c + 102 + e - 1532 + 502° - 60a* + 242° - 30b% - 75ab - 40ac - 52d -+ 120a°b - 60a°b + 20a%c + 30ab? - 10be

[y

<3
]
o

=2 +31b + 90c + 654 + 15 + £ - 3la? + 180a° - 390a° + 3602° - 120a® - 270ab - 280ac - 75ad - 6ae - 150bc - 15bd + 780a’b - 900a’b + 360a*b + 300a’c
+ 30a%d - 120a%c - 270a’b? + 120abec - 195b% + 30b° - 10c® + 450ab’
mVl = a + 63b + 30le + 3504 + 140e + 21f + g - 63a” + 6022° - 2100a* + 3360a° - 25202° + 7202’ - 903ab - 1400ec - 700ad - 126ae - 7af - 1400be - 315bd
- 2lbe - 35cd + 4200a’b + 28002%c + 630a2%d + 42ae - 5670a°b® - 8400a°b- - 25202°c + 25202°0°- 2102°d + 75602*b - 25202°b - 1050b° + 630b° +4200ab?
+ 2520abec ~ 210c? + 140ac® + 210abd + 8402*c - 12602°bc - 6302b° + 210b%c

".:'.‘G“i‘ o :{:“‘f’f?ﬁ—z
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dr
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A gt~ +

rA sin a

rA’{m + sir®a(l - 2n)}

rA®{sin a (mI - 6m° + 3m) + sin’a (- oml + 8m® - ém + 1)}

rA*{rm! - em® + 3m?) + sin®e (!l - 22mm! + am! + 48m® - 3em® + 6m) + sin‘a (- 2mll + 2omml - em! - 46m° + 44m’ - 12m + 1)}

pre-rigmppaierre) o

A (il)

I :
_pat{sin @ (Bamll + (n)® - gem®m! + 15mm! + 120m* - gom® + 15m%) + sin®e (1l - Zemmll - 22(ml)? + 5mID + 3gem*m! - 15Cmml + 10W° 4 440me - 120m:

+ 10m - 480m*) + sind (- omlIT 4 44mmII + 28(mb)? - 1omll - Z68m2mI + 180mm! - 2om! - 400m° + 140m> - 20m + 38am° + 1)}

rA®{(3m®mll + m(mD)2 - e6m®m! + 15m2m! + 120m® - 90m* + 15m®) + sin?y {emmill + smImll - 1gom2m!Il - 20am(ml)? + 33me!l + 16(m1)2 + 2040m®m!l - 876m2ml

+ 75mml + 1980m* - 540m° + 45m% - 2160m°) + sin®a (mIV - 5ammlIl - gomIm!l + emill + goem2miI + 1002mimI)? - 27emmll - 172(ml)? + 15mll + 3808m2ml

- 570mm! + 2om! - 6864m°m! + 21000 - Z0Om® + 15m - s000m* + 5760m°) + sine (- 2mlV + eammlll + 100mImIl - 1omII! - soem?mll - 1016m(nl)? + 324mmll

+ 208(m!)* - 3om!l - z368m*m! + 660mml - 40m! + s216m®ml - 1800m® + Z40m? - 30m + 4384m* - 3e4om® + 1)}

rA’{sin a (15m?mM + 1gmmInll + (m1)® - deam®mll - s12m®(m1)? + sam?mll + 63miml)? + s076m*m! - 226em®ml + 2lom?ml + 4620m° - 1260m* + 105m° ~ 5040m°)

+

+

+

+

sin®¢ (10mmlV + 11mImlll 4 5(mIl)2 _ 456m2mIll

16emm!l + 91(ml)? + 32,200m°m! - 5376m*ml + 245mml - 547576m*m! + 14,700m* - 2l00m® + 105m° - 42,000m° + 40,320m%) + sina (m' - 7ermlV - 134mIm!ll
so(mll)? + 7miV + 1g20m®mlll + 5376mmImIl + 1002(ml)® - 462mnlll - 7oomImll + 21mIll + ggom?mll + 11,676m(ml)2 - 1176mmll - 742(ml)? + z5mll
20,672m°m!! - 37,608m* (m1)? + 19,768m*m! - lelomm! + 35m! - 89,152m°m! + 128,73em*mI + 7140m° - 630m

sina (- 2m’ + 8smm!V + 164mImI!l + 100(m!D)2 - 1amIV - 1576m2mlll

- 1152mmimI! - 204(m1)° + 63mnlIl 4+ womImll + 7igom®mIl + 12,120m? (m})? - 2436m*mll - 2772m(ml)?

- agsgmmim!! - 1016(m1)® + 532mm!!l + siomImll - 42mll! - gosam®m!l - 10,248m(m!)?
1344ml T + g6gtnl)® - 7omIl + 14,9120 ml1+27, 840n? (m! )"-16, 588m"ml+1820mn! ~70ml +63, 168m°ml 81, 792m*m! _sgg0m 4 700m? -a2me25, 964m* —55 , 448m°+46 , 080mE+1 1}

k

m

1

]
o
ﬂ,.....-.._..mnnmmmu-mmmnnmumlMMMmﬂﬁ.

30m° + 2lm - 37,800m° + 92,064m° - 80,640m" )

:
1
.
|

mxmmmmmmﬂlummmmﬂlmm
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A (i)
ra®{(15m°nl 1T + lam®mInl! + mnl)® - geem*ml! - 612m° (m1)? + ean’mll + 63m? (n1)? + 5076m°ml - 2268m*ml + 2l0m°m! + 4620m® - 1260m°® + 106m* - 5040m7)

+ sin®e (45m2nl¥ + glmmImlIl + z3mimlD)? + 21(ml)2m!T - 1956m°mlil - s22am’mind! - 1844miml)® + 2s8m®mlll + s22mmlmll + 6atml)® + 30,2z00m*mlL

+ 61,560m° (m1)? ~ 10, 716m°mIl - 16,236m® (1) + 7oen®mll + 75em(m!)® + 142,020m'm! - 25,116m°m! + 1260m*m! - 234,576m°m! + 58,800m° - 8400m* + 420m°

- 168,000m° + 161,280m° ) + sin‘a (151zzmv + 2lmImlV + 21l IplIl o 936m*mlV - 2844.lmmImHI - 1602m(mn)2 - 1764(mi)2mll + 108mmiV * 144mIn!1l

+

+ 75(mil)?
20,620m°mI 11 + 84,120m%winil + 31,740m(ml)® - sgsem®mlll - 15, 76gmmlnll - 2076(m1)® + 336mmlll + 420mlmIl + 110,760m°mil + 1904,620m (m!)? - 15,37 & ml!
- 18,12am(m!)? + sgamnll + 336(m1)? - 229,536m'mIl - 527,544m" (m1)? + 243,600m°m! - 22,176m*ml + 630mml - 1,032,336m'm! + 1,431,360m°m! + 71,400m*

- 6300m° + 210n? - 378,000m° + 920,640m° - 806,400m") + sin’e (V! - 102mn’ - 210mimlV - 20amIInlll ¢ gn¥ + 33a8r?mIV + 11, 772malnlll + 90zemimll)?

g652(m! 12mll — 720mlV - 1208mimlll - 780(mI1)? + 28mIV + 20,496m*mIll + 61,824mmImll + 12,788(ml)° - 21ledmmlll - 2360mImil + s6mIll - 53,54am°mI1I

- 235,680m*mImll - 95,432m(m!)° + 52,696m’m!l + 86,102m(mI1? - 3696mm!l - 2352(ml)? + 7omll - 275, 188m’mll - 516,012 (m1)? + 481,184m*m!l
1,161,120m° (m)? + 73,248m*m! - 3vsomml + 36m! - 594,384m°m! + 2,101,056m*ml - 2,601,216m°m! + 19,600m° - 1176m® + 26m ~ 164,640m" + 727,552m°

— 1,580,544m° + 1,290,240m’ ) + sin®a (- 2m'! + 11emm’ + 252mimlV + 364mlImlIl - 16m’ - 280en?mlV - 10,206mmImIll - s2a8m(mi1)? - 7596 (ml)2mll + s16mmiV
+ 1536m1m111 s oantmll 1

m ss0(mils? ~ seml!V - 17,088m®mIll - 53,232mmimll - 11,264(m1)® + 2464mmlIl + 3o20mImIT - 112mI11 + 36,976m° Il + 168,288m2mInl]

|
1
i
e
|
i
|
\
;i 1u-—-umm~|hm1-m-mmﬂm1mmi

12
!

69,904m(m!)® ~ 43,5680 mIl - 55,776mimI})* + alaammll + 2688(m!)? - 140mll + 1900, 976m®mll + 360,816m* (m1)? - 290,560m*m!l - 716,928m° (ml)? - 59,808m%ml

568
+ 4200mm! - 112ml + 400,736m°ml - 1,248,384m"*m! + 1,421,568m°ml - 15,600m° + 128&m® - 56m + 108,304m° - 420,224m° + 836,352m° - 645,120m° + 1)}




d°r
dt®
(First
term
only)
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r

dt.lo
(First
term
only)
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—Z = A
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478 _
at?
a%9
at°

e : it e s BT S A R e S N

A (iv)
ra®{sin o (105r°mlV + 225m2mImlIl + gam? (m11)? + glmimD)?mll + (mh)* - 4s00m*mIll - 15,806m il - 5532m® (m1)? + 675m®mIIl + 14402mImll + 253m(ml)®

+ 69,4200°ml1 + 153,306m* (m)? - 24,840m*ml! - 42,660m° (mI)? + 1ecom®mll + 2208m® (m1)? + 336,780m°m!l - 60,480m*m! + 3180m°m! - 545,047m°m! + 14, 700m°
- 2100m® + 105m* - 42,000m’ + 40,320m°)}

= rA1°{105m4mIV + 225m°mIml Il + gam® (m11)? + Slmz(ml)gmII + mimh)* - 4500m°mlil - 15,696m4m1m1I - 5532m3(m1)3 + o75m*mill + 1440m°mImll + 255m2 (ml)?®

+ 69,420m°m!! + 153,396m°(m1)? - 24,840m°m!l! - 42,680m* (m1)? + 1890m*mll + 2205m° (m1)? + 336,780m°m! - 60,480m°m! + 3150m*ml - 545,040m™ml + 132,300m"
- 18,900m® + 945m° - 378,000m° + 362,880m°}

2 .
-2A'm sin o

282 {r? + sin’a (mI - 4m®)}
—oA*{sin a {(4mml - 12m’) + sin®e (m!l - lzmm! + 2211}
—oA%{(am®ml - 12m*) + sin®a (7amll + 4(mD)? - 102m?ml + ladm®) + sin*a (mI!] - 2omll - 14(ml)? + 1sam®ml - 102m*))

~24%{sin o (18n°mll + lem(mI)? - 27emml + 360m°) + sine (11mmIIl + 1spImll - 226m®mll - 2o2m(mI)? + 2128m®m! - 1920m°) + sin®z IV - 32mmlIl - somimil
+ 404m®mIl + s508m(m!)? - 2608m°ml + 1920m°))}

a7 {(1am’ml! + lem*ml)? - 27em*ml + 3600°) + sin®e (5lmPmlll + 11zmmInIl + 16(m1)® - 1158m®m!! - is32m®(m!)? + 10,392m*m! - 8640m®) + sin*a (lemmlV
+ 26mImIIT « 15mI1)? - siem?mIl! - 1276mmim!! - 202(m!)® + 660em®mll + 11,844m%(mI)? - 43, 920m*ml + 28,8001°) + sin®a (m' - darmlV - g2mImIIl - s0(mll)?
+ 7eem?ml 1T+ 2524mmInl + s08(ml)® - 7156m°mIl - 13, 920m% (mI}? + 40,896m*m! - 23,040m° )}
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A (v)

~2A%{sin @ (120n°m!1l + z1om*minll + eamiml)® - 2736m*m!l - 4806m° (m1)? + 25,152m%ml - 20,160m") + sin®a (115m*m!Y + 31ommImIIl + 172muml1)? + 161 (ml)2mil

- 3932m®mIll = 14,172m%mInl] - 4902m(ml)® + 48,40am*mll + 107,264m® n1)? - 331,440m%m] + 201,600m" ) + sin®c (22mm’

o’ + 42mimlV + 5emIInlIl 97_2m2mIV
3312mmImIIl - 1986m(mI1)? - 2352(ml)*mBa7,528m°nlll + 75,768m*mImll + 30,240m(mI)° - 167,952m*mll - 401,328m" (m1)? + 045,216m°wl - 483,840m" )

v sin’o (V] - 126mImlY - sgmmV - 1gemlInIll

+

"145,2e0m*m! I + 358,484m° (m1)? - 710, 784m°ml + 322,560m’ )}

5 11

--21'%9{(1.20m4mIII + 3ton’mimll + sam® (ml)® - 2736m°m!!

+

~ 4gg6m® (w1)? + 25,152m°ml - 20,160m%) + sine (465m°mlV + 162om’mImlIl + @31m® (m11)? + 1200m(m!)%m!l

64(ml)* - 15,132m*mlIl = 66,372m°mInll - 20,304m® (mI1)® + 197,724am°mll + 406,512m* (m1)? - 1,386,960m°ml + 806,400m%) + sin®e (225m°mY + 750mmImlV

+ 945! Im T + ago(mI)?mill + 295mI(mI1)? - ogron®mlV - 45,756m?mInlIl - 25,028m (mI1)? - 57,012m(mI)Zml] = s002(ml)* + 180,828m*mI1! + ¢57,048m*mImll

532,806m> (ml)° - 1,752,046m°m!! - 4,951,00em*(m1)? + 10,114, 560m°ml - 4,838,400m%) + sine (20mmV! + eamim’ + 9smllmlV + 56(mIll)? - 1686m2mY

6726mmImlV - 9,282mmIInl1l - 5664 (ml)%mIIl - gecoml (mI1)? + 40,96am®mlV + 210,756m*mInl I + 125,0z0m2 (mI1)2 + 302, 820m(ml)?mll + 30,240(ml}*

+

542,760m*ml 11 - 3,124,22am°mn!l - 1,872,008m® (m])° + 4,313,50am°nl! + 12,853, 020m* (m1)2 - 21,5095,3020°m! + 9,031,680m° )}

-24*°{sin a (1050m*mlV + 2050m°mInIIl + 1974w® (m11)? + 3726m® (mI)2nIl + 236mmI)* - 34,200m°ml1l - 159,336m*mImIl - 80,832m° (m1)® + 447,960m*mll

+1,192,806m" (ml)? - 3,186,720m™m! + 1,814,400n") + sin®e (1365m°m’ + 6060m%mlmlV + 7071m2miImIII + sav7miml)2mIll + 6240mml (ml1)? + 1555 (ml)°mll

- 60,600m*mlV - 329,472m°mImIIl _ 180,458x%(R111% - 532,664m2 (mD)*mlT - 81,344mmD)* + 1,102,620m°m!1L + 6,606, 300m miml] + 4,481,260m° (ml)®

10,767,840n°m!l - 34,083,936m° (m1)* + 63,552, 960mm! - 29,030,400m°) + sin®x (300m*mV] + 1503mmlmV + 2202mmIInIV + 1239(ml)2mIV + 1281m(mIIL)?

<+

2895mImI InI Il 4 405(ml1)® - 23,238m°mV - 126,654m%mImV - 166, 73am?mlInl 11 - 189,228m(mI)?mIIl - 212, 070mnltml1)? - 76, 080(ml)?mll + 566,220m miV
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A (vi)

+ 3,585, 480mmlnl 11 + 2,071, 560m° (n11)? + 7,084, 920m* (m1)?mll + 1,317,120miml)* - 7,540,200m°mt 1T - 50,806,272m mintl - 3g,406,624m% (m])®

+ 60,524,256m°mil + 207,124, 902m® (ml)? ~ 309,883,302 ml + 121,927,680m° )}

2 {(1050m° IV + 2050m*mImIll + 1974m® (m!1)? + 3726m° (ml)?mll + 236m* (m1)* - 34,200m°ml 11 - 159, 336m°mIn!l ~ g0,8320% (m1)® + 447, 9eom"m!!

+1,192,806m° (mI)? - 3,186,720m°ml + 1,814,4006°°) + sin®a (5145mnV + 26,430m°mIntV + 20,211n°mIIn!Il + 35 307m® (n])*nl1l + 32,004m®ml (ml1l;}2

+ 13,141mmD)°mIT + 256(m1)® - 228,800m°mlV - 1,367,352m mInl1l - 724,300m* (mI1)? - 2,525,544m° (m1)?mll - 489,600m% (m1)* + 4,166,220m°m! 1]

+ 26,804,48an°nInl ! + 20,378,30am* (m1)° - 40,865, 760m mll - 138,873,600m" (ml)? + 245,229,120m°ml - 108,864,000m*°} + sin*a (3360m°m'! + 18,120m%mIm’
+ 24,50l IV + 24,702m(ml1%alV + 13,476m% (n111)? + 54,05Lmlml InT 1T + goze(ml)®mlll + g715mml)® + 10,908(m1)* (m11)* - 195, 900m*mY

- 1,289,982 mImIV - 1,623,048m°mI Imnl11 - 2,558, 508m® (m])2ml1l - 2,760, s0em®mlml1)? - 1,799,374m(ml)’m!l - &1,344(ml)® + 4,782,120m°m1V

+ 34,659,408m* mimI 1] + 190,400.484n* (al1)? + 82,764,936m° (m1)2mll + 21,168,256m* (ml1* - 63,905,520m°m!1l - 479,294, 472m°mlnll - 425,640, 720m* (m1)®

+ 516,924,000m mll + 1,957,870,784m% (ml)? - 2,700,432,000m°m! + 1,016,064,000m"° )}

= 28*2{sin ¢ (11,340m%n" + 62,160m*mIm!V + 86,420m*mIIn!Il + 90,540m% (m1)2ml1l + 79,526m°mlmi1)? + 38,4e4m®(m})°mIl + 1024m(m1)® - 504,000m®mIV

- 3,147,820m°mImI 11 - 1,631,8080° (m11)? - 6,134, 976m" (ml)?ml] = 1.305,600m° (ml}* + 9,190,800m"m!1l + 61,042,512m°mimll + 48,883, 968m° (m!)°

- 90,203, 760m’mll - 317,555,712m" (m1)? + 546,842,860m°m! - 239,500,800m'*) + sina (18,585m°mV] + 119,490m°mIm’ + 154,005 m!InlV + 213,765m% (m!)*mIV
+ 83,105m° (n111)% + 438, 30 mlnt Inl1] + 115, 883n(nT)°ml 1L + 66,054n% (mI1)® + 147,231m(])? (111% + 14,421 (m])*n1] - 1,064,230m%n" = 8,040,300 mintV
9.717,282m*ml Im11l - 18,724,842m° (m1)?m!1 < 19,441,506m°ml (mI1)® — 16,016,502m® (m!)°mll - 1,308,l60mim!)® + 26,495,100m°mlV + 209,582,364m°miml 1]

114,907,908m® (m11)? + 561,574,6%2m" (mI)2ml] + 173,040,640m° (m1)* - 354,814,920m'mI11 _ 2 856,248, 18am°mImIl - 2,821,100, 736m® m1)? + 2,885,045, 760m®m!]
¥ 11,736, 746,496m (m1)? - 15,323,575,680m°m! + 5,588,352,000m"*))
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d*’e
dag*®
(Two
terms
only)

d*®e
dt15
(Ons
term
only’

A - | £, Ve 2
Y0 ] R I FE N

A (vii)
= oA {(11,3a0m%m" + 62,160m°mInlV + 66, 420m°mIInl Il + 90,540m* (m1 )21l + 79, 536m*ml (mI1)? + 38,484m° (m1)°mll + 1024n*(m1)® - 504,000m mIV

- 3,147, 800m°minl 1T - 1,631,808m° (mI1)? - 6,134,976n° (m])?mIl - 1,305,600m* (mI)* + 9,190,800m°mI1L + 61,042,512 mIml! + 48,883, 96em® (ml)° -

90,293, 760m°mll - 317,555, 712m% (m1)? + 546,822,880m °ml - 239,500,800m*2) + sin®a (67,005m°mVl + 477,330m*mlmY + 560,505m*mIImIV + 980,475m° (ml)ZmIV
315,765m " (ml11)% + 1,021, 74om®mInlTml Il + 857,753 (m1)°mI1T + 280,398m° (nl1)? + 795,755m% (m)* (mI1)? + 125,351m(m!)1*mIl + 1024mD)® - 3,015, 450 °mY
31,162, 920m®mImlV - 36,493, 182m ! Il 11 - 79,316,262m* (m1) 2111 - 79,867,28an*ml(mI1)? - 21,030, 5€5n° (m1)°ml]l - 7,855,616m% (m1)° + 95,732,100m"mIV

+

+

798,194, 964am’mIml 1] + 428, 611,548m% (m11)? + 2,283,520, 716m° (m1)2mll + 781,820,160m* (m1)* - 1,283,409, 720m°m!1! - 10,780,601 ,224m mim!]
11,370,567, 744m® (m)® + 10,466,002,800m°m! ! + 24,577,605,376m® (m1)? - 56,261,036,160m °m! + 20,118,067,200m" )}

~28**{sin o (145,530m°m’] + 1,084,860m°nIm’ + 1,300, 770m°miImIV + 2,362,200m* (1) *mlV + 697, 950m° (n111)? + 4,515, 750m* mImIInI1T + 1,716, 150m° (m!)°mI11
+ 640,332m*(mI1)® + 2,025,102m® (m1)2 (mI1)2 + 371, 27am® (mD)*mll + 2096mtmI)® - 8,493,660m'm’ - 69,872,040m mImlV - 80,327, 700m®m!Inl11

- 184,922,100m° (m)*mi 1l - 182,9008,872m®ml(ml1)? - 1908,537,228m* (ml 12!l - 20,947, 968m (m1)® + 207,711,0000°m!V + 1,775,028,600m miml1]

+ 941,110,920m" (m!1)* + 5,226,880,584m° (mI)?mll + 1,875,222,528m° (m1)* - 2,785,784,000m°m 11 - 23,863, 952,880m°mIml! - 25,965,956, 736m” (m!)°

+ 22,743,141,120m °m!! + 99,089,419,520m° (m)? - 123,051,682,240m* *m! + 43,589,145,600m" )}

~2A*°{(145,530m'm'] + 1,084,860m°mIm’ + 1,209, 770m°m!ImlV + 2,362,290m° (m1)*mlV + 697, 950m® (mI11)* + 4,315,750m°mlmIln1l + 1,716,150m* (ml)°mI1L
+ 840,3320% (ml1)® + 2,025,10em (mD) 2 (ml1)? + 371, 2740 (mI)*ml + 2096m® (m1)® - 8,493,660m°mY - 69,872,040m mInlV - 80,327, 700m” mlImI 1L

- 184,922,100m% (m1)12mI 11 _ 182,908, 872m®ml (mI11)? - 198,537,228m° (m!1°m!! - 20,947, 968m* (m1)® + 207, 711,000m°mlV + 1,775,028,600m°mIm! 11

+ 941,110,920m° (mI1)? + 5,226,080,584m" (m1)2mll + 1,875,222,52em° (m1)* - 2,785,784,400m*°ml 1] - 23,863,952,880m°mIn!! - 25,965,956, 736m® (m?)®

+ 22,743,141,120m *m!! + 99,069,419,520m*° (mI)1? - 123,051,862,240m" *ml + 43,589,145,600m" * 1}
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APPENDIX B

SOLUTION BY AIR FORCE FORMULA OF PROBLEM BASED ON ATMCSPHERE
OBSERVED OVER THE LINE FRAN TO ELBOW
(CARIBBEAN AREA SHORAN PROJECT)

K = 56 feet
H = 27,945,08 feet
H - K= 27,889.08 feet
Mi
5 = Vgt = (186,219 i)(.ooosz sec)
Sec

i

152.60058 miles. '
Dial reading 152.69958

Velocity ccerrection + .01175
Reduction to sea level - .10228
Slope correction - .09136
Curvature.correction + .00885
Steep slope correction - .00003
Assumption Vi1l + .00035

g IX + .00005

i X -~ .00005

Gecdetic distance by Air Force methad 152.52686
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APPENDIX B
erved over the line Fren to Elbow (Caribbean Area Shoran Project)

cbs

Numerical integration solution of problem based on atmosphsre

K2

2

s {(a + 1) - sin®e (2a + 1)}
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' {CARIBBEAN AREA SHCRAN PROJECT) ! ’
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H - K =13,315.47 fesat
Mi
S = Vgt = (186,219———>(.00054 sac) ¥
S Sec .
. = 100.55826 miles
| Dial reading 100. 55826
Valocity corraction + .00184
Raduction to sea level - .03232 . I
Slope correction - .03le2 .i
Curvature correction + ,00253 g
Assumption VIII + .00005
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APPENDIX C

Mumerical integration solution of problem based on atmosphere observed cover the line Fran to Wind (Caribbean Area Shoran Project)
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